Background: Having the right identification is essential in the field of entomology. The scanning electron microscopy allows rapid and accurate identification of different species of flies since a better visualization of the external morphology of immature and some adults is possible. The aim of this study is to describe some ultrastructures of three flies in the Mesembrinellidae family: Mesembrinella bellardiana; Mesembrinella bicolor and Mesembrinella semihyalina, all examined by scanning electron microscopy to help increase the anatomical database on flies and deal with phlylogenetic implications. Results: The flies were examined under JEOL 6390LV scanning electron microscope (SEM). The microtrichia morphology of the antennae is similar to that of other and are present on all antennal surface with variable distribution. The chaetic sensilla were observed only in the scape (chaetic sensilla I) and pedicel segments (chaetic sensilla I-III). Three types of sensilla: trichoidea, basiconic and clavate were observed in the first flagellomere of M. bellardiana; and two types of sensilla: trichoidea and basiconic were noticed in M. bicolor and M. semihyalina. Olfactory pits were observed in both gender of M. bellardiana and female of M. bicolor. The maxillary palp of the Mesembrinella species in this study does not show sexual dimorphism. Conclusion: This investigation provided new findings of some diagnostic structures of flies using SEM, since many of them could have not been observed just by the use of light microscopy.
Background
The Mesembrinellidae family is a small group of Diptera exclusively found in the Neotropical Region, and their species are distributed from southern Mexico to northern Argentina, with 36 described species distributed in nine genera [6, 10] . Researches involving the family are restricted to the description and identification of species or the discussion of phylogenetic and systematic issues, with implications for taxonomic classification [23] [24] [25] .
Species in this group are considered not adapted to the environment modified by man and have a very restricted habitat tolerance. They occur only in primary forest, being absent in almost secondary forest and degraded environments [5, 6, 10, 14] . The family has potential to be a bioindicator for forest area, since they have high abundance and diversity in these environments [5] . The knowledge of the species of Diptera and the analysis of their occurrence in different environments is significant, for instance: specimens of Mesembrinella bellardiana Aldrich, 1922 and Mesembrinella peregrina Aldrich, 1922 are solely found in preserved sites of the Atlantic Forest. Gadelha et al. [5] corroborate this fact and suggest that the species of this genus can assist in monitoring the extension of anthropic impacts in the environment.
Morphological studies using Scanning Electron Microscopy (SEM) to clarify some structures on Hexapoda have been extensively conducted. For instance, such as: Ameismeier [1] described the chemosensitive basiconic on antennae of adults and embryonic stages of Locusta migratoria Linnaeus, 1758 (Orthoptera); Lopes et al. [9] found two types of basiconic sensilla on antennae of Phoracantha semipunctata (Fabricius, 1755) (Coleoptera); Sukontason et al. [18] studied the antennal sensilla of the families Calliphoridae, Sarcophagidae and Muscidae (Diptera), and they observed that the sensilla types were morphologically similar; Nascimento et al. [13] who described, the antennae sensillas of Melipona scutellaris Latreille, 1811 (Hymenoptera) collected from different altitudes, reveling the differences of trichoidea sensilla on them. Many researchers have studied the ultrastructure in adults flies to help increase the anatomical database on flies: Zhang et al. [26] ; Zhang et al. [27] ; Carriço et al. [2] ; Pezzi et al. [15] ; Carriço et al. [3] .
An ultrastructure analysis of the morphological aspects of sensilla on the antennae and maxillary palps of Mesembrinella bellardiana; Mesembrinella bicolor (Fabricius, 1805) and Mesembrinella semihyalina Mello, 1967 have not been performed yet. The purpose of this study was to examine in details these sensorial organs on the aforementioned species to help increase the anatomical database for flies, arising implications for future phylogenetic analyses to be conducted with the group.
Methods
This research was carried out through the cooperation of Fundação Oswaldo Cruz (FIOCRUZ) Specimens were identified using the keys presented by Mello [12] and Kosmann et al. [8] . Adult morphological terminology used in this study followed McAlpine [11] , Mello [12] and Kosmann et al. [8] , the classification of sensilla followed by Setzu et al. [16] ; Zhang et al. [26, 27] .
The heads and palps were dissected from nine male and nine female of M. bellardiana and M. bicolor, and nine male of M. semihyalina under dissecting microscope. Then, these structures were processed for SEM examination by transferring to 2.5% of glutaraldehyde mixture in phosphatebuffered saline (PBS) for 24 h. Afterwards, specimens were rinsed twice with PBS during 10-min-intervals and postfixed with 1% of osmium tetroxide at room temperature for 3 days. The flies were then rinsed twice with PBS and dehydrated in increasing graded series of alcohol (30, 50, 70, 80 and 90%) for 12 h during each step. Thereafter, the flies were placed in absolute alcohol, followed by a treatment in acetone. On the next step, the specimens were subjected to critical point drying and they were later placed on metallic supports, coated with a thin golden layer (20-30 nm) and examined under JEOL 6390LV scanning electron microscope (SEM) (Akishima, Tokyo, Japan).
Results
All examined heads are equipped with a pair of antennae typical of cyclorrhaphan Diptera, which were frontally situated between the large compounds eyes (Fig. 1a-e) . Antenna morphology of these species consisting of three segments: a short proximal scape (Sc), a pedicel (Pe) and a distal flagellum, the latter is composed of a seta called arista (Ar) located laterally and basal region of first flagellomere (Fn) enlarged ( Fig. 1a-e) .
The scape in Mesembrinella bellardiana is densely covered by microtrichia (Mc) in both genders. There is a group of seven chaetic sensilla (Ch I) of similar length, which was noticed arranged in a single row and curving over the base of the pedicel ( Fig. 2a-b) . The Ch I is longitudinally grooved and has a finely tapered, acute tip ( Fig. 2a-b) . The second antenna segment is called pedicel. The surface is covered by similar Mc to those found on the scape (Fig. 3a-b) . The surface of the pedicel in both genders shows three types of chaetic sensilla (Ch I -Ch III). The first type (ChI) is represented by a group of 19-20 bristles on female and 13-14 on male situated along the outer edge region and similar to those found on the scape. The second type (Ch II) is represented by a group of five bristles in both genders, situated on the distal end region of the pedicel and the third type, also in both genders, is represented is represented by a singular bristle in the distal outer edge region (Fig. 3a-b) .The distal flagellum is the longest antenna segment in both genders and numerous sensilla are found in this segment. Arising closed to the base of the first flagellomere on its dorsolateral surface is the plumose arista, which is composed of two segments on female, and three on male (Fig. 4a-b) . The enlarged basal Fn is densely covered by microtrichia similar to those found on the scape and pedicel. Interspersed among the microtrichia, there are four types of sensilla on female Fn: trichoidea, two types of basiconic, and clavate; in the male Fn there are two types of sensilla: trichoidea and one of basiconic ( Fig.  4c-d) . Olfactory pits are also present on the Fn in both genders ( Fig. 4c-d) .
In the species Mesembrinella bicolor, the scape is also densely covered by microtrichia (Mc) in both genders. There is a group of eight chaetic sensilla (Ch I) in the female and seven in the male of similar length, which were arranged in a single row and curving over the base of the pedicel (Fig. 5a-b) . The Ch I is longitudinally grooved and has a finely tapered, acute tip like, also observed in the M. bellardiana species (Fig. 5a-b) . The pedicel surface is covered by Mc to those found on the scape (Fig. 6a-b) . On pedicel surface in both genders, three types of chaetic sensilla (Ch I -Ch III) were observed. The first type (ChI) is represented by a group of eight bristles on female and five on male situated along the outer edge region and similar to those found on the scape. The second type (Ch II) is represented by a group of eight bristles on female and three on male situated on the distal region of the pedicel and the third type also in both genders is represented by a singular bristle in the distal outer edge region (Fig. 6a-b) . Numerous sensilla are found in the flagellum in both genders. Arising close to the base of the first flagellomere on its dorsolateral surface is the plumose arista, which is composed of three segments on female with no sensilla and three on male. The first and the second aristomere are around, covered by short Mc, and the last one is longitudinally grooved and has a finely tapered, acute tip (Fig. 7a-b) . The first flagellomere is densely covered by microtrichia, similar to those found on the scape and pedicel. Interspersed among the microtrichia there are two types of sensilla with a similar morphology in both genders: trichoidea and two types of basiconic ( Fig. 7c-d) . Olfactory pits are also present on the female Fn (Fig. 7c) .
The scape of Mesembrinella semihyalina is densely covered by microtrichia (Mc) in male. There is a group of 11 chaetic sensilla (Ch I) on male (Fig. 8a) . The Ch I on male is longitudinally grooved and has a finely tapered, acute tip (Fig. 8) . The Pedicel surface is covered by similar Mc to those found on the scape (Fig. 9a) , and on male, it shows two types of chaetic sensilla (Ch I and Ch III). The first type (ChI) is represented by a group of (Fig. 9a) .The distal flagellum in male have numerous sensilla. The plumose arista is composed of two segments (Fig. 10a) . The enlarged basal Fn is densely covered by microtrichia, similar to those found on the scape and pedicel. Interspersed among the microtrichia there are trichoidea-type sensilla (Fig. 10b) .
The maxillary palps are inserted in the anterior region of the basiproboscis in all the species. Regarding the presence of sensilla, unlike the antennal characters, no significant differences were found among the analyzed species. The structure is covered with microtrichia of different length. Two different morphological types of sensilla are distributed on the palp surface: trichoidea-like (Tr) and chaetic sensilla (Ch), both morphologically similar to those observed on scape and pedicel ( Fig. 11a-e) .
Discussion
Ultrastructure studies using SEM of different anatomical structures of flies, such as antennae, mouth parts and genitalia, among others, have been performed for many taxonomic groups in the world. Stoffolano et al. [17] examined the abdominal tergites of Tabanus nigrovittatus Mcquart, 1847 in both genders and observed small pits on them, which may have a sensorial function, according to authors; Sukontason et al. [18] studied the antennal sensilla of flies of the families Calliphoridae, Muscidae and Sarcophagidae and they observed that the sensilla in all species are similar and suggested that each type had a function; Sukontason et al. [19] described the ultrastructure of the adhesive device in fly in families Calliphoridae, Muscidae and Sarcophagidae showing the smooth surface; Sukontason et al. [20] observed different types of sensilla in the antennal and palp of Ophyra chalcogaster (Wiedemann, 1824), trichoidea sensilla, chaetic sensilla and microtrichia, for instance; Chaiwong et al. [4] described the male genitalia of Sarcophaga dux and observed sensilla on the surface of postgonite, surstylus, epandrium and cerci; Setzu et al. [16] observed on the first flagellomere surface of Protophormia terraenovae Robineau-Desvoidy, 1830 five types of sensilla: microtrichia, trichchoidea, basiconic, coeloconic and ariculate; Zhang et al. [26] described four major types of surface sensilla: trichchoidea, basiconic, clavate and coeloconic on the first flagellomere of Fannia scalaris (Fabricius, (Linnaeus, 1761) ; Carriço et al. [2] described some character of Muscidae species by using SEM, such as: ommatidia, ocellar triangle and antennae; Pezzi et al. [15] observed different types of sensilla on the antennae and maxillary palp in Sarcophaga tibialis Macquart, 1851.
The present study is the first describing the morphology of the different parts of the antennae and maxillary palp by SEM of both sexes of M. bellardiana and M. bicolor and male of M. semihyalina. The morphology of the three antennal segments of the Mesembrinella species on this study is generally similar to those found in other calyptrate flies [2, 15, 16, 18, 20, 26, 27] . Sensory organs are distributed all over the body surface of the flies [2, 21] . Sensilla in the antennae and others parts of the insects have a role [18] to detecting the opposite sex, food sources, orientation in space, and other aspects [26, 27] . In this investigation, the microtrichia morphology of the antennae is similar to those found in other calyptrate [2, 15, 16, 18, 20, 26, 27] and are present on all antennal surface with a variable distribution. The chaetic sensilla were observed only in the scape (chI) and pedicel segments (ChI-ChIII). This distribution pattern was also found in Ophyra albuquerquei Lopes, 1985 , Ophyra aenescens (Wiedemann, 1830) [2] , O. chalcogaster [20] and S. tibialis [15] .
The flagellum is an anatomical structure possessing olfactory organs that allows the detection of chemical cues from food sources [7, 16, 26, 27] . This segment is the largest one of the antenna and its number of sensory sensilla can vary from species to species [2, 18] . Three types of sensilla: trichoidea, basiconic and clavate were observed in the first flagellomere of M. bellardiana; and two types of sensilla: trichoidea and basiconic were noticed in M. bicolor and M. semihyalina. Those distribution were also described in other dipteran species, such as O. chalcogaster [20] , Musca domestica Linnaeus, 1758 [18] , F. scalaris and F. canicularis [27] , Lispe neimongola Tian and Ma, 2000 [26] P. terraenovae [16] , O. albuquerquei and O. aenescens [2] . In this study, olfactory pits were observed in both genders of M. bellardiana and female of M. bicolor species, and they are similar to those found in Sarcophaga dux Thomson, 1869 [18] and S. tibialis [15] .
The maxillary palp of the Mesembrinella species in this study does not show sexual dimorphism and it was similar with other dipteran as O. chalcogaster [20] , Fannia hirticeps (Stein, 1982) [22] , L. neimongola [26] and S. tibialis [15] .
Conclusions
In conclusion, this investigation provided new findings of some diagnostic structures of flies using SEM, since many of them are not possibly observed just by the use of light microscopy.
